Purpose: We aimed to evaluate the rate of usage and the kind of patient-reported outcome (PRO) claims in orphan drug approvals from the European Medicines Agency (EMA) dated between 1/1/2012 and 31/12/2016 and to compare them to those from the US Food and Drug Administration (FDA). Methods: Orphan drug approval documentation was obtained from the EMA website. PROrelated language was extracted from the Summaries of Product Characteristics (SmPCs). Data were compared to a previously published analysis of the FDA approvals from the same time period. Results: Out of 60 approvals that met the inclusion criteria, 12 products approved by the EMA for 13 (21.7%) orphan indications contained PRO language in the Clinical Studies section of the SmPC. Twelve SmPCs contained PRO instruments based on symptoms, five of which also concerned patient functioning. Eight approvals included PRO claims related to quality of life (QoL) most commonly in cancer treatment. Conclusion: The rate of PRO claims was lower for orphan drugs specifically than for all drug approvals by the EMA. However, in accordance with previous findings, the EMA appeared more inclined to grant PRO claims including health-related QoL than the FDA.
Introduction
A Summary of Product Characteristics (SmPC) is published for every human medicine that has been granted marketing authorisation by the European Medicines Agency (EMA). This document describes properties and officially approved conditions of a drug use, information for healthcare professionals on how to use the drug safely and effectively, and defines the scope of product marketing. SmPCs correspond to the package inserts (PIs) for medicinal products approved by the US Food and Drug Administration (FDA).
The EMA defines a patient-reported outcome (PRO) as 'any outcome directly evaluated by the patient and based on the patient's perception of a disease and its treatment(s)' [1] . It can be measured in absolute terms (e.g., the severity of a sign, symptom, or state of a disease) or as a change from a previous measure [2] . According to the EMA, a PRO can include both single and multi-dimensional domains such as health status and satisfaction with treatment. Health-related quality of life (HRQoL) is a specific type of the PRO, defined as patient's subjective perception of the effects of the disease and treatment(s) on daily life, well-being, and psychological, physical and social functioning [3] . Data about PRO concepts are collected using PRO instruments such as questionnaires, leaflets, and documentation that support their use [3] .
Orphan drugs are products developed to treat rare medical conditions, generally referred to as 'orphan diseases'. According to EMA, to qualify for orphan designation, a medicine must meet a number of criteria: 'it must be intended for the treatment, prevention or diagnosis of a disease that is life-threatening or chronically debilitating; the prevalence of the condition in the EU must not be more than 5 in 10,000 or it must be unlikely that marketing of the medicine would generate sufficient returns to justify the investment needed for its development; no satisfactory method of diagnosis, prevention or treatment of the condition concerned can be authorised, or, if such a method exists, the medicine must be of significant benefit to those affected by the condition' [4] .
In order to accelerate patient access to orphan drugs, less evidence is required for their approval compared with non-orphan products. Therefore, orphan drug manufacturers may lack the incentives to collect additional data, such as PROs, during the drug development process. The EMA issued guidance for the use of HRQoL in the evaluation of medicinal products in July 2005, giving broad recommendations but no methodological requirements for the development, validation and use of PROs [5] . However, the EMA requires a pre-specified PRO endpoint in clinical trial documentation in terms of its relationship to other endpoints and suggests the use of HRQoL in addition to efficacy endpoints for a given disease. Further, the PRO used needs to be validated in the qualitative and quantitative research. The agency suggests specific primary and secondary endpoints for most therapeutic fields which may include PROs. For instance, the EMA has encouraged the development of new PRO tools for rare cancers to guide the use of PRO measures in oncology studies, because the existing ones may not be appropriate or specific enough to measure important outcomes in this population [6] . However, PROs are rarely reported in clinical trials of drugs for rare diseases [7, 8] . Only 9% of orphan drugs approved by the FDA between 1/1/2012 and 31/12/2016 contained PRO claims in their PIs [9] . In contrast, two studies by Gnanasakthy, et al. reported that 24% and 16.5% of PIs of all drugs approved by the FDA in 2006-2010 and 2011-2015 respectively, included PRO claims [7, 10] .
Here, we sought to identify and characterise PRO claims in a comprehensive set of EMA orphan drug approvals and to compare the results to the previously published analysis of FDA approvals granted over the same 5-year period [9] .
Methods
A list of orphan drugs approved by the EMA between 1/1/ 2012 and 31/12/2016 was obtained from the EMA's website. Vaccines, imaging-related products, products approved based on non-human pivotal trials, products approved based on biosimilarity studies whose SmPC lacked the Clinical Studies section, and products without an orphan indication in the most recent SmPC were excluded. Data on the drugs' generic name, marketing approval date, approved indication and therapeutic area were extracted from the SmPCs. Further, the Therapeutic Indications and Clinical Studies sections of the SmPC were screened for the use of a PRO tool., All reported outcomes were analysed to identify other kinds of PRO-related language, with respect to whether the data were reported by patients or health care professionals. The identified PRO claims were classified as measures of symptoms, functioning, HRQoL, global patient rating, and 'others'. Further information on PRO instruments named in the SmPC, the PRO endpoint status (primary, secondary, tertiary/ exploratory), the statistical significance of the PRO results reported (yes/no) were collected. Descriptive statistics were performed using Microsoft Excel 2016.
Results
In the study period, 56 orphan-designated drugs were approved by the EMA for 63 indications. Three of these indications didn't meet the inclusion criteria: Granupas® and Xaluprine® didn't have the Clinical section in the SmPCs, and SomaKit TOC® was an imaging-related product. Most approvals were in oncology (39.7%), endocrinology (14.3%) and respiratory (9.5%) therapeutic areas. In terms of areas represented in the final sample, 24 (40%) approvals were in the field of oncology, followed by 9 (15%) in endocrinology and 6 (10%) in respiratory.
Of the 60 indications, 13 (21.7%) of 12 approved products contained PRO language in the Clinical Studies section of the SmPC (Table 1) . No drugs contained PRO claims in the Therapeutic Indications section. Eight SmPCs contained a single PRO; four contained two PROs and one contained three PROs. Among the 13 indications with approved PRO claims, six (46.2%) were in oncology, three (23.1%) in respiratory, two (15.4%) in endocrinology, and single in haematology and neurology.
In seven approvals (53.8% of SmPCs with a PRO claim), the PRO results were statistically significant and in four approvals (30.8%) they were not. In two approvals, PRO results indicated that HRQoL was maintained during treatment versus placebo or an active comparator..
Twelve SmPCs with PRO labels contained instruments that measure disease symptoms, out of which, five also included PRO claims for the patient functioning change, whereas eight approvals included PRO claims for the HRQoL effects.
A PRO was the primary endpoint in four SmPCs (30.8% of approvals with a PRO claim), a secondary endpoint in eight (61.5%) and a tertiary endpoint in one approval. PRO tools that were the primary endpoints assessed disease symptoms exclusively. The most common PRO instrument was the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30), which was quoted in the SmPCs of three oncology products. The remaining instruments occurred only in single approvals.
Discussion
The EMA approved nearly four times less orphan drugs than the FDA, which granted 195 orphan drug approvals in the same period (Table 2) [9] . This can be partially explained by the fact that the EMA orphan [12] . Conversely to the above mentioned studies, which analysed the entire content of the European Public Assessment Reports (EPARs), we focused only on the SmPCs, because they include PRO claims granted by the EMA. Such a procedure allowed us to avoid including sponsors attempts to achieve such claims. Whereas a decreasing trend in PRO claims was reported for FDA approvals from 2006 to 2015 [7, 10] , it is unknown if a similar trend occurred at the EMA. However, it is plausible that our PRO rates are still below the more recent PRO claim rates for EMA non-orphan drug approvals; this aspect needs to be confirmed by additional research. Nevertheless, our study confirms the trend observed for FDA approvals, where orphan drug approvals included significantly fewer PRO claims than the pooled approvals of all drugs. Only 9% of orphan drugs approved by the FDA between 2012 and 2016 had PRO claims in their labels [9] compared to 24% and 16.5% of drugs approved by the FDA in 2006-2010 and 2011-2015, respectively [7, 10] . One possible explanation for the low rates of PRO claims for orphan drugs is a low number of dedicated PRO instruments available. Since few PRO tools specific to rare diseases have been developed, the opportunity to achieve a PRO claim on the product label is limited [13] .
The higher rate of PRO claims in our study than in the FDA study regarding the same time period [9] could be explained, at least partially, by the fact that the EMA's guidance on HRQoL was issued in 2005, while the PRO guidance from the FDA was published in 2009. Although both guidance documents were available before our study period, the longer experience of the EMA could have encouraged the industry to seek PRO claims for their products with the agency. Nearly 31% of PRO claims in our sample were based on statistically insignificant results. It would require further research to establish why the EMA was willing to mention these claims in the SmPC rather than omitting them. In comparison, only one out of 16 PRO claims from the FDA approvals were based on results that were statistically insignificant (Table 2) [9] .
PROs were the primary trial endpoint for nearly 31% of products with PRO claims, which is slightly below the 37% reported for all EMA approvals in a previous study [12] . However, it is much less than the 71% and 76.7% reported for all new FDA approvals with PRO claims [7, 10] and the 86% reported for FDA orphan drug approvals with such claims (Table 2 ) [9] . This can be partially explained by the fact that, while primary endpoints were typically based on disease symptoms, the FDA-approved PRO claims were symptom-based. Also, the EMA is more inclined to approve HRQoL and functioning measures, although not as primary endpoints [5, 11] . All but one approval with a non-primaryendpoint-based PRO claims in our sample involved higher degree outcomes, such as HRQoL or functioning. This suggests that the EMA is more inclined to grant HRQoL-based claims and unlike the FDA, this agency has initially published guidance on the use of HRQoL-based PROs. The FDA's guidance on the use of all kinds of PRO was limited to oncology products and was published in 2014, so in the second half of the current study period.
However, similar to the FDA-based studies [7, 9, 10] , almost all approvals with PRO claims in our sample featured at least one instrument that measured disease symptoms.
Since the EMA considers HRQoL PROs as supportive evidence only, potentially negative outcomes of these measures should not discourage the industry from collecting them in clinical trials. Being non-primary endpoints, they cannot be used by the agency as a basis to deny drug approval. A lack of deterioration in HRQoL rather than its improvement per se is perceived by the EMA as important information about the drug's side effect profile. Finally, given the paucity of PRO tools specific to rare diseases, HRQoL can be a useful measure of treatment outcomes from the patients' perspective. In terms of therapeutic areas represented in the orphan drug sample, oncology was the main indication in this study, whereas the FDA-based on reported approvals in haematology and oncology were absent [9] . Interestingly, there was only one case of a haematology drug in the current EMA set. The main three therapeutic areas represented in EMA were the same for all orphan drug approvals and the subset of approvals with PRO claims, but only one in haematology was represented in both analogous data sets in FDA approvals (Table 2 ). This suggests that either the FDA is reluctant to grant PRO claims in oncology and endocrinology orphan drugs or the industry did not pursue such claims. This observation requires further research.
Conclusions
Orphan drugs have lower rates of PRO claims than all drugs approved by the EMA, but higher rates than orphan drugs approved by the FDA. In line with previous findings, the EMA is also more inclined to grant HRQoL claims than the FDA and to allow such claims for oncology products.
